Simple HCAL model

John Haggerty
Brookhaven National Laboratory
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An uncomplicated HCAL

- An idealized model of the HCAL
— Steel absorber plates (G4_Fe)
— 7 mm polystyrene scintillator
— Aim for total length 5.5\,
— FTFP_BERT 2.0
— Just energy deposition, no light production or whatnot
— No magnetic field

- Explore sampling fractions in the ballpark of the HCAL
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HCAL sampling fraction by arithmetic
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Events

1% sampling fraction 10% sampling fraction
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1% Sampling fraction steel-scintillator 1000 MeV "
Ent 7000

Mean 9.492
Std Dev 118
2ot 103.4/32

onstant 7323+ 3.56
Mean 5194+ 0334
Sigma 5353+ 0.346

200060 80 100 120 10 160 180
E,, (Mev)

1% Sampling fraction steel-scintillator 5000 MeV "

Constant ~ 30.61= 1.35
3 Mean 328+ 20
joma. 32: 1.4

£, (MeV)

1% Sampling fraction steel-scintillator 40000 MeVx*

Entries 1000
Mean 338.6
Std Dev 95.81

%2/ ndf

Constant
350+ 2.6

6431+ 285

Sigma

E,, (MeV)

1% Sampling fraction steel-scintillator 100000 MeVa"

ies
Mean 817

E Std Dev 20
%2 Indf 68.55/73

E Constant 2143+ 1.00
Mean 68.2= 4.2
Sigma 1125- 38

200
(ev)

E.
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% sampling fraction

1% Sampling fraction steel-scintillator 2000 MeV ”
Entries

7000

Mean 18.82

Std Dev 15.68

- 2/ ndf 121.7/50
Constant ~ 38.31= 2.06

Mean 1331+ 0.39

- Sigma 8:604+ 0507

Constant 13
Mean 7953+ 1.96
E ama 082+ 1.00

£, (MoV)

1% Sampling fraction steel-scintillator 50000 MeVr*

Sigma

E,, (MoV)

70.98= 264

Entries 1000
Mean 4206
Std Dev 108.7

72 I ndf 62.85/79
Constant ~ 18.55= 0.86
4402+ 28

1% Sampling fraction steel-scintillator 3000 MeV n”
Eniries 7000

Mean 284
- Std Dev 18.67
2 /ndf 109.8/57
Constant 2715 1.28
* Mean 18512 1.62
Sigma 1502+ 1.35

o 7o
€, tioV)

1% Sampling fraction steel-scintillator 20000 MeVx*

1000

Mean 175.1
Std D 533
wf %2/ ndf 9559/53
Constant ~ 22.46+ 1.10
Mean 169.6+ 2.3

joma. 4259

6

€, (Mov)

1% Sampling fraction steel-scintillator 70000 MeVx"

Entries. 1000
Mean 577.7
3 Std Dev 156.7
%2 /ndf 82.95/73
b Constant 202 1.0
WMean 6118= 36
Sigma. 9317+ 345

€, (Mov)

1% Sampling fraction steel-scintillator 4000 MeV "
Eniries 7000
E Mean 3576
Std Dev 2052
%2 /ndf 64.11/45
E Constant 3244+ 1.42
Mean 245= 20
Sigma 1861 1.43

dlve - N L

E] 700 0 70 &

E,, (M6

E Constant ~ 22.41= 1.10
Mean 2599+ 26
oma 6.03: 28

€, (Mov)

1% Sampling fraction steel-scintillator 80000 MeVr*

Entries 1000
Mean 658.9
F Std Dev 1746
%2 I ndf 75.36 /71
Constant
F e
Sigm:

€, (MoV)



1% sampling fraction

1% sampling fraction steel-scintillator HCAL energy resolution

— Fit: 107.27%/\E ® 7.77%

Fit: 101.17%/\E + 2.93%

0.2—

1 10 10°

p—

TR N
““PH-<ENIX

January 5, 2015



2% Sampling fraction steel-scintillator 1000 MeV ="
Ent 7000

w0 Mean 20.24
Std Dev 14.1

- 32 Ind 117.7/54
onstant 2993+ 157

Mean 15.252 0.52

* Sigma___ 8,951+ 0.582

o 20 Qg & E oo 0 10
E,. (MoV)

2% Sampling fraction steel-scintillator 5000 MeV x*

7000

3 Mean 93.69
Std Dev 36.02
%2 Indf 7229155

wf Constant ~ 24.45= 1.10
Mean 7688+ 3.36

sF igma 33493 26

£, (MeV)

2% Sampling fraction steel-scintillator 40000 MeV*

Entries. 1000

Mean 6837

s Std Dev 151.2
%2 /ndf 68.92/67

wf Constant ~ 24.05= 1.08
708.6= 33

Sigma 88.41- 293

"
€, (Mov)

2% Sampling fraction steel-scintillator 100000 MeVx"
ies

January 5, 2015

1000

3 Mean 38.91
Std Dev 19.52

sE 2/ 878165
Constant ~ 22.88= 1.07

wf Mean 26572 235
Sigma 18.27+ 1.57

2% sampling fraction

2% Sampling fraction steel-scintillator 2000 MeV ="
Entries

20 @ 6 8 100 120 140 - 160
£, (Mov)

2% Sampling fraction steel-scintillator 10000 MeVx*

w0
Constant 2651+ 1.21
= Mean 17362 2.2
ioma 38385200

20

£, (MoV)

2% Sampling fraction steel-scintillator 50000 MeVx*

Entries 1000
E Mean 8532
Std Dev 181.9

72 I ndf 75.65 /66
Constant

Sigma

i
£, (MoV)

2% Sampling fraction steel-scintillator 3000 MeV n*
Eniries 7000

Mean 57.48
Std Dev 234
o %2/ ndf 78.86 /59
Constant 2231+ 1.00
s Mean 47.18+ 1.96
Sigma 215: 1.5

20 @0 60 B0 00 120 140 160 180 200 220
E,. (MoV)

2% Sampling fraction steel-scintillator 20000 MeVx*

1000

Mean 3504
Std Dev 84.11
wf %2/ ndf 95.45/68

21.91= 120

Constant
Mean 3483+ 24

€, (Mov)

2% Sampling fraction steel-scintillator 70000 MeVx*

2% Sampling fraction steel-scintillator 4000 MeV ="
Eniries 7000

= Mean 7757
Std Dev 31.04
“0 %2/ ndf 48.81/48
Constant  28.49= 1.38
* Mean 5687+ 4.45
w Sigma 3350 282

L L
e oo 150 200

€,, (Mov)

2% Sampling fraction steel-scintillator 80000 MeVx*
Entries 1000

Mean

Std Dev 7
%2 I ndf 7151172
Constant

Sigma,




2% sampling fraction

2% sampling fraction steel-scintillator HCAL energy resolution

— Fit: 67.11%/\E ® 6.84%

Fit: 61.02%/\E + 3.18%

0.5

0.4

0.3

0.2

o
|||||||||||||||||||||||||®||!|

0.1

—_—

p—

(o)) SN
“PH-<ENIX

January 5, 2015



5% Sampling fraction steel-scintillator 1000 MeV n”
Eniries

7000
Mean 48.79

Std Dev 22.1

s 2ot 93.19/70
onstant  18.88= 1.14

31.44= 434
2 24722 265

20 @0 8 8 100 120 140 160
E, (MeV)

5% Sampling fraction steel-scintillator 5000 MeV x*
Eniries

7000
220

Std Dev .
=B %2 Indf 87.32/68

Constant ~ 18.15= 0.96

Mean 2075+ 3,

29.73= 146
1686~ 4.8
1359+ 48

oo
£, (MeV)

5% Sampling fraction steel-scintillator 100000 MeVx"
ies

5000
E,, (MeV)

January 5, 2015

5% sampling fraction

5% Sampling fraction steel-scintillator 2000 MeV x”
Entries

7000

93.07

= Std Dev 332
87.5/49

-~ Constant ~ 24.89+ 1.24
Mean 8529+ 1.79

= Sigma. 28.36= 181

350
E,, (Mov)

5% Sampling fraction steel-scintillator 10000 MeVx*
Entries 7000

431.4

Std Dev 837

E %2 Indf 50.04 /52
Constant ~ 26.28+ 1.22

E,, (MoV)

5% Sampling fraction steel-scintillator 50000 MeVx*

£, (MoV)

5% Sampling fraction steel-scintillator 3000 MeV "
[Entric 7000

Mean 134.3
E Std Dev 37.69
A 78.71/69
Constant ~ 17.27 = 0.80
E Mean 117.2+ 45
Sigma 38,91+ 362

E] o0 ] B 250 550
£, (Mov)

5% Sampling fraction steel-scintillator 20000 MeVx*

E,, (Mov)

5% Sampling fraction steel-scintillator 70000 MeVx"

€, (Mov)

5% Sampling fraction steel-scintillator 4000 MeV n”
Eniries 7000

175.3
Std Dev 45.65

2 62.73/55
2224+ 104

S 100 150 200 20 0 90 400 450
E,. (MeV)

5% Sampling fraction steel-scintillator 30000 MeVx*
Entries 7000

Std Dev 2206
%2 Indf
Constant
Mean

€, (MoV)

5% Sampling fraction steel-scintillator 80000 MeVx*

Entries 1000
lean 3086

= Std Dev 656.6

%2 I ndf 156/64

= Constant ~ 33.66= 1.75
tean 3307+ 7.7

Sigm: 2033= 76




5% sampling fraction

5% sampling fraction steel-scintillator HCAL Energy Resolution

w1
Ll L
<
B — Fit: 43.92%/\E @ 4.62%
08¢
: Fit: 39.81%/\E + 2.14%
0.6—
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10% Sampling fraction steel-scintillator 1000 MeVr"
Eniries 7000

E Mean 88.07
Std Dev 29
w2l 70.38 /64
o onstant  19.13= 0.86
Mean 80.96= 1.94
Sigma 2566+ 1.55

250
£, (MeV)

10% Sampling fraction steel-scintillator 5000 MeVr*

7000

3 Mean 398.8

Std Dev 73.46

E %2 Indf 58.66 /53

Constant ~ 22.38= 1.03

E Mean 3902+ 4.4
joma. 67542 41

1

10% Sampling fraction steel-scintillator 40000 MeVa"

Entries 1000
Mean 2927
- Std Dev 556.1
%2 Indf 104.8/58
3 Constant ~ 36.63= 1.78

- Sigma 177.3+ 61

E,, (MeV)

0% Sampling fraction steel-scintillator 100000 MeV.*

s
E Mean 7064
Std Dev 1409
%2/ ndf 169.5/59
F Constant ~ 38.21= 2.15
Mean 7622+ 18.6
Sigma 377+ 164

L
€, (MeV)

January 5, 2015

0% sampling fraction

10% Sampling fraction steel-scintillator 2000 MV~
Entries 7000

Mean 164.8
Std Dev 41.42

2/n 1.
Constant ~ 21.17= 1.01

3059 147

50,
E,, (MoV)

0% Sampling fraction steel-scintillator 10000 MeVx*

Entries 1000

E Constant

Mean
Std Dev 755.9
72 I ndf 156.3/61

38412 10.6
2193+ 11.0

Sigma

£, (Mov)

10% Sampling fraction steel-scintillator 3000 MeVx"
Eniries 7000

Mean 2409
s Std Dev 50.13
2 /ndf 90.93/68
Constant ~ 16.26= 0.76
=op Mean 2354232
Sigma 4684285
s
10
s
G000 A0 #0080 40

150
€, (ov)

10% Sampling fraction steel-scintillator 20000 MeV*
7000
Mean 1508

Std Dev 264.9
%2 /ndf 60.67 / 61

*® Constant ~ 33.18+ 1.53
Mean

1565+ 3.9

Entries 1000

Mean

Std Dev 1063
%2 [ndf 193.7/61
Constant
Mean 5406 10.8
Sigm: 2599+ 11.3

€, (Mov)

10% Sampling fraction steel-scintillator 4000 MeVr"
Entries 7000

Mean 320.3
E Std Dev 59.73
%2 /ndf 53.75/53
Constant ~ 23.37= 1.15

3176+ 25
4966 279

500
€, (MoV)

10% Sampling fraction steel-scintillator 30000 MeVa*
7000

Mean 2216

3 Std Dev 4272
%2 I ndf 81.93/64

3253+ 159

Entries 1000

Mean
Std Dev 1283

- 2 /ndf 210.8/67
Constant ~ 35.89= 2.08
3 lean 6177+ 12.7
Sigma 289.6= 12.9

€, (MoV)
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10% sampling fraction

10% sampling fraction steel-scintillator HCAL energy resolution

— Fit: 30.04%/\E ® 3.50%
0.3

0.25 Fit: 27.12%/\E + 1.70%
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What they’re saying about hadronic calorimetry

Energy resolution of hadron showers

Hadronic energy resolution of non-compensating calorimeters does not
scale with 1/VE

> 0/E =a/NE® b does not describe the data

Effects of non-compensation on o/E is are better described by an energy

dependent term: s

o/E =aNE ® b (E/Ey)-" CATLAS
& O Fe-scintillator
In practice a good approximation is: -§ prototype
O/E =alE + b :
5| <=
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Sampling fraction | Stochastic term Constant term

1% 101% 3%
2% 61% 3%,
5% 40% 20,
10% 27% 2%
N y
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What I’d conclude (feel free to differ)

- The weird behavior of resolution below 10 GeV is
intrinsic to the GEANT model (maylbe there are pulleys
and levers to fix this)

High sampling fraction seems to predict unnaturally
good resolution

We need to look at e/h and be open to adjusting the
sampling fraction to make the calorimeter more
compensating (e/h ~ 1)
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